has not yet been applied to intensively survey the epidemiology round-structured viruses (SRSVs) have become recognized as the commonest cause of outbreaks of viral gastroenteritis in of MxV in a discrete time period and region. We now report the use of this ELISA, as a type-specific assay [5] , to describe adults, in whom they cause an acute self-limiting illness. Antibody prevalence studies indicate a worldwide distribution for the epidemiology of MxV using a collection of SRSV strains identified by EM from outbreaks and sporadic childhood cases these viruses, which are associated with foodborne and waterborne outbreaks and outbreaks in semiclosed communities, in of gastroenteritis submitted to a large regional virus laboratory covering North and West Yorkshire between January 1992 and which transmission is often maintained by person-to-person spread [2] . SRSVs are an antigenically and genetically diverse March 1995. group of viruses that are now classified as Caliciviridae [3] . Antigenic diversity has been investigated using volunteer crossMaterials and Methods protection studies and immune and solid-phase immune electron microscopy (IEM and SPIEM). To date, seven antigenic Norwalk, Oklahoma, and Mexico) [4, 5] , although confirmation mL of arklone (1,1,2 trichlortriflouroethane) to 2-5 mL of fecal suspension and vortexing for 20 s. Suspensions were then centriof these awaits availability of a full range of hyperimmune fuged at 2500 g for 30 min, and the supernatant was used to make animal sera. Sequencing of full and partial SRSV genomes negative-stained EM grids for SRSV detection, either directly or distinguishes two SRSV genogroups and multiple genotypes, after concentration by virus pelleting by ultracentrifugation. The although the relationship of genotype to antigenic type has yet remainder of the supernatant was overlaid with liquid paraffin and to be established [6, 7] . However, despite the importance of stored at 4ЊC prior to testing in the recombinant MxV (rMxV) these viruses to public health, very little is known about the ELISA. Virus pellets were produced by centrifuging 1 mL of epidemiology of individual antigenic strains, mainly because supernatant at 45,000 g for 1 h (Optima TL; Beckman Instruments, of a lack of suitable typing methods. Brea, CA). A 100-mL cushion of 30% wt/vol sucrose was injected
Since the first description of Norwalk virus in 1972 [1] , small sporadic cases in infants since 1983 [9] . However, this ELISA
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The recent availability of recombinant antigens for Norwalk into the bottom of each tube before centrifugation. The pellet was virus and Mexico virus (MxV) has allowed the development resuspended in 50 mL of PBS, vortexed, and clarified if necessary of antibody assays and, using hyperimmune animal sera to by centrifuging at 2500 g for 10 min in a microfuge. For both direct and ultracentrifugation methods, 25 mL of the final supernatant was the recombinant protein, antigen assays [8] . Antigen-capture sporadic appearance of these strains in adult outbreaks and All fecal specimens were examined as part of the routine diagnostic workload of the Leeds Public Health Laboratory, which has a catchment area of the counties of North and West Yorkshire, covering a population of Ç3 million. Specimens were submitted by The MxV-like strains identified were concentrated in a 10-were in hotels and restaurants, 4 were in schools, 4 were family month period from September 1993 to June 1994, during which outbreaks, and 6 occurred in other situations. From 1 to 3 speci-40% of outbreak strains and 59% of strains from sporadic cases mens were tested per outbreak (mean, 1.9) as availability allowed.
were MxV-like (figure 1). All MxV-like outbreaks occurred SRSV-positive extracts were also tested from 109 children õ10 during this period and most of the sporadic cases, with the years of age (mean, 1.9 years; range, 1 month to 10 years) who exception of 4 sporadic cases that occurred during the summer had sporadic cases of gastroenteritis. Thus, a total of 489 SRSV EM-positive extracts were tested, 380 from outbreaks and 109 prior to the MxV epidemic and 2 isolates from children obfrom children.
tained early in 1992. polymerase, corresponding to the interprimer sequence of the extracts were diluted to Ç10% in 1% skim milk in PBS and tested 36/E3 amplification product, of 12 MxV-like strains obtained in the rMxV ELISA as previously described [5] . The positive throughout the MxV epidemic show ú97% sequence similarity control (specimen RBH/93/UK previously characterized as MxVto each other and to the prototype MxV strain. There were, like by sequencing) [5] and negative control (1% skim milk/PBS) however, minor sequence differences between outbreaks (2-8
were included with each test run. Samples were considered positive nt changes from the prototype MxV), indicating that a single if the optical density (OD) in the well coated with hyperimmune common source of infection was unlikely.
rabbit antisera was ú0.1 and the ratio of the ODs in the wells coated with hyperimmune rabbit antisera and preimmune rabbit antisera (P/N) were ú2. All specimens initially reactive in the Discussion assay were retested. All positive specimens with P/N values ú6 were considered to contain MxV-like strains, and those giving Antigenic typing methods for SRSVs have been described a low reactivity in the assay (P/N value 2-6) were genetically using IEM and SPIEM [4, 10] . However, little descriptive epicharacterized by performing reverse transcription-polymerase demiology exists, as these methods are time-consuming, rechain reaction using primer pairs NI/E3 and 36/E3 followed by quire a great deal of expertise, and need well-characterized sequencing of the interprimer regions [5] . Strains with ú90% acute and convalescent human sera. An antigen-detection sequence similarity to MxV were classified as MxV-like; other-ELISA based on recombinant Norwalk virus has been extenwise, strains were classified as either SRSV genogroup 2 or genosively used but has not revealed epidemiologically interesting group 1 strains following phylogenetic analysis [6] . results because Norwalk virus is not circulating widely [11] . Use of a similar assay based on rMxV indicates that MxV is currently circulating [5, 8, 9] . The rMxV antigen ELISA has Results been shown to be specific for MxV-like strains if a sufficiently high cutoff is used. Low reactive strains are either MxV-like The distribution of SRSV-positive fecal specimens from persons involved in outbreaks in North and West Yorkshire indistrains with a low virus load or other SRSV genogroup 2 viruses that exhibit low-level cross-reactivity [5] . The precise cates a pattern of winter epidemics with three periods of seasonal SRSV peak activity observed during this 39-month study sensitivity of the MxV ELISA has yet to be established. In this evaluation, specimens were selected that had a relatively high ( figure 1) . Of 489 fecal samples tested in the rMxV ELISA, 25 (23%) of 109 children's specimens were highly reactive (P/ virus load as determined by direct EM. This, together with the low number (5 of the 53 positive) of strains producing a low N ú6), confirming these strains as MxV-like. Specimens from 26 (13%) of 198 outbreaks were also identified as MxV-like. reactivity in the assay, of which 3 were MxV-like, suggests a high sensitivity of the assay with this collection of specimens. Samples from 23 outbreaks were highly reactive, and specimens from 3 outbreaks gave a low reactivity (P/N values of The precise sensitivity of the assay could only be established by genetic characterization of all 252 strains unreactive in the 2-6) but were confirmed to be MxV-like by sequencing of polymerase chain reaction amplicons. Of the remaining specitest. This retrospective analysis of 307 SRSV strains obtained mens, only samples from 2 outbreaks were positive in the MxV assay, with P/N õ6, but these were identified as non-MxV from outbreaks and sporadic childhood cases of gastroenteritis over a 3-year period indicates that an epidemic of MxV oc-SRSV genogroup 2 viruses by genetic characterization.
The 26 MxV-positive outbreaks identified did not show any curred in North and West Yorkshire in the winter of 1993-1994. At the height of this epidemic in December 1993, 15 geographic clustering likely to indicate a common source but occurred in eight different urban areas distributed throughout (94%) of 16 SRSVs were MxV-like. The MxV epidemic coincided with the winter peak of SRSV activity, and although the region. However, 3 outbreaks affected wards of hospitals where there had been MxV outbreaks 3-12 weeks earlier.
MxV is the predominant strain during this SRSV season, it is apparent that other strains were cocirculating. SPIEM and The SRSV season preceding and that directly following the MxV epidemic are notable by the complete absence of MxV. sequence analysis of a number of non-MxV SRSVs submitted during this period indicate that both SRSV UK3 and UK2
Four MxV-like isolates were obtained from children during the summer of 1993, heralding the onset of the MxV epidemic, viruses were also present (data not shown); however, the precise contribution of other SRSV genotypes during this season and 2 others were identified in early 1992, when only a handful of SRSV strains were available for testing. A similar epidemic remains to be established. The prevalence of SRSVs increased over the study period (figure 1), a trend that was observed pattern of MxV was observed in the Netherlands at the same time [13] . Additional UK MxV-like strains were also identified throughout the UK [12] . Whether this reflects a true increase in the numbers of SRSV-associated outbreaks or increased from children in 1987, 1990 , and 1992 (data not shown). MxV was originally obtained from a child with gastroenteritis in awareness or investigation of outbreaks of gastroenteritis is unknown.
1989 [14] , and similar strains have been isolated from other
